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ABSTRACT
NASA’s WB-57 High Altitude Research Program provides a deployable, mobile, stratospheric plat-
form for scientific research. Airborne platforms are of particular value for making coronal observations
during total solar eclipses because of their ability both to follow the Moon’s shadow and to get above
most of the atmospheric airmass that can interfere with astronomical observations. We used the
2017 Aug 21 eclipse as a pathfinding mission for high-altitude airborne solar astronomy, using the ex-
isting high-speed visible-light and near-/mid-wave infrared imaging suite mounted in the WB-57 nose
cone. In this paper, we describe the aircraft, the instrument, and the 2017 mission; operations and data
acquisition; and preliminary analysis of data quality from the existing instrument suite. We describe
benefits and technical limitations of this platform for solar and other astronomical observations. We
present a preliminary analysis of the visible-light data quality and discuss the limiting factors that
must be overcome with future instrumentation. We conclude with a discussion of lessons learned from
this pathfinding mission and prospects for future research at upcoming eclipses, as well as an evalu-
ation of the capabilities of the WB-57 platform for future solar astronomy and general astronomical
observation.
Keywords: Astronomical instrumentation (799), Solar instruments (1499), Solar eclipses (1489), Total
eclipses (1704), Solar corona (1483), Solar coronal heating (1989), Solar coronal plumes
(2039), Solar coronal streamers (1486), Solar coronal waves (1995), The Sun (1693)
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1. INTRODUCTION
Although high-altitude and space-based instruments
have observed the solar corona since the late 1950s
(Chubb et al. 1957; Peterson & Winckler 1959), the
launch of the Solar and Heliospheric Observatory
(SOHO) with its Extreme-Ultraviolet Imaging Tele-
scope (EIT; Delaboudinie`re et al. 1995) and Large Angle
Spectroscopic Coronagraph (LASCO; Brueckner et al.
1995) marked a turning point in the way we study the
corona. Since that time, the vast majority of solar coro-
nal research has used space-based observatories. How-
ever, for certain applications of coronal physics, stud-
ies of the corona during total solar eclipses nonethe-
less offer considerable advantages over observations from
space. In particular, constraints of on-board storage and
telemetry put limits on the rate at which data can be
acquired from space, foreclosing many science objectives
that require extremely high observing cadences. Like-
wise, technical constraints on the optical and electronic
systems used for space-based observations of the corona,
both by ultraviolet and X-ray telescopes and, in visi-
ble light, by coronagraphs, impose their own limitations
on the detectability of some phenomena — particularly
faint or highly dynamic features.
Total solar eclipses, therefore, provide a unique op-
portunity to explore a variety of problems in coronal
physics that cannot be solved with space-based observa-
tions. Of particular historical importance are programs
of eclipse observations oriented towards explaining the
mechanism that heats the corona to a few million K
(Pasachoff 2009a). Eclipse studies, because they can
yield observations with very high spatial and tempo-
ral resolution, have the potential to distinguish between
mechanisms described by competing theories of coronal
heating, primarily the dissipation of magnetic energy
from various oscillations in the corona and direct release
of magnetic energy via reconnection (Walsh & Ireland
2003; Klimchuk 2006).
A challenge of observing during eclipses using tradi-
tional ground-based methods, however, is that the spa-
tial and temporal scales of these dynamic processes are
similar to the scales on which Earth atmospheric tur-
bulence acts to distort observations (“seeing”). Addi-
tionally, certain wavelength bands (e.g., in the infrared)
are strongly contaminated by atmospheric absorption
and/or emission, significantly compromising or prohibit-
ing useful observations in these bands from the ground.
Furthermore, eclipses provide only a brief window – a
few minutes at most – to observe the corona. Using mo-
bile, airborne platforms to observe total solar eclipses
overcomes all of these limitations by operating above
most of the atmospheric airmass and water vapor con-
tent, and by enabling a greater duration within the mov-
ing shadow.
A notable early attempt to observe an eclipse from
an airborne platform was from the dirigible U.S.S. Los
Angeles near Montauk Point on Long Island, NY during
the total solar eclipse of 1925 January 24 (Littell 1933),
which observed from an altitude of 4,500 feet (∼1370
m) using still and motion picture cameras and a spec-
trograph. The initial campaign proposal called for a
platform to be constructed on the top of the airship to
hold the eclipse-observing apparatus and personnel, but
this was deemed infeasible due in large part to techni-
cal limitations of such construction and the prevailing
weather conditions during deep winter in New York. In-
stead, observations were made through windows in the
passenger cabin. The rationale for using an airship for
this observation was to improve the odds of a successful
observation in the event of low-level cloudy conditions
(although ground conditions turned out to be favorable).
Their observations were indeed successful, but due to
the motion of the airship caused by wind, the spectro-
graphic data were “of no value for accurate wave-length
determinations.”1
Perhaps the most famous airborne eclipse experiment
is the flight of the Concorde at the 1973 eclipse over
North Africa, whose supersonic flight along the eclipse
track afforded a 74-minute window of totality (Beck-
man 1973; Koutchmy 1975) yielding both visible and
infrared (IR) observations of the corona. However, their
measurements were significantly limited by seeing ef-
fects due to turbulence in the sonic shock around the
aircraft. Kuhn et al. (1999) observed static images of
the near-IR (1–4 µm) corona in various spectral lines
from a C130 aircraft during the 1998 eclipse over the
Pacific Ocean. Other eclipses have been observed from
airplanes for purely logistical reasons, due to the inac-
cessibility of the terrain over which the eclipse passed;
these include the 2003 total solar eclipse over Antarctica
and the 2008 solar eclipse that traversed a wide range
of longitudes near the North Pole (Pasachoff 2009b). A
handful of eclipses have also passed directly over moun-
taintop astronomical observatories or highly accessible
high-altitude terrain, such as the 1991 solar eclipse over
Mauna Kea, Hawai’i which produced, for example, IR
observations that could not have been made from lower
1 Capt. Littell’s account of this expedition is highly en-
tertaining and informative. We strongly recommend it
to the reader. It is interesting to note that some of the
same difficulties they encountered in making their air-
borne measurements are still of concern in our observa-
tions made nearly 100 years later.
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altitudes due to atmospheric absorption and background
emission of IR radiation (Hodapp et al. 1992).
The 2017 August 21 total solar eclipse crossed the en-
tire continental United States, the first to do so since
1918, and was the best observed eclipse to date (Miller
2018). This eclipse presented unique opportunities not
only for public engagement and community science (e.g.,
Krista & McIntosh 2015; Penn et al. 2017), but also for
professional research. For example, Samra et al. (2018)
used a new instrument, the Airborne Infrared Spectrom-
eter (AIR-Spec), flying on the National Center for At-
mospheric Research’s High-performance Instrumented
Airborne Platform for Environmental Research (HIA-
PER) Gulfstream-V aircraft, to obtain IR spectra of the
corona between 1.4 and 4 µm with four slit positions
at different locations near the solar limb. The HIAPER
has a ∼10-hour range at altitudes up to ∼45 kft and can
accommodate fairly sizable instrument packages within
the passenger cabin but, as a result, the fields-of-view
are restricted through specific quartz windows that must
be configured before flight, and coarse pointing is tied
to the aircraft heading and orientation.
NASA’s WB-57F high-altitude research aircraft of-
fers an agile new facility for airborne astronomy. With
an integrated, nose-mounted, stabilized pointing plat-
form, they offer unrestricted visibility to celestial tar-
gets anywhere in the forward hemisphere of the aircraft,
and some of the rear, with broad flexibility in aircraft
heading and orientation. With a higher service ceil-
ing of up to ∼65 kft and a range of ∼6 hours, mul-
tiple available aircraft enable simultaneous multi-point,
multi-instrumented, and/or multi-target observing cam-
paigns.
In this paper, we describe our pathfinding mission us-
ing two NASA WB-57F aircraft in a coordinated cam-
paign to observe the 2017 eclipse. Our primary scien-
tific motivation for developing the WB-57 as a platform
for airborne eclipse studies is to enable high-resolution,
high-cadence observations of the visible-light and in-
frared corona, uncontaminated by atmospheric seeing
effects. Such observations are critical for studies of the
rapid dynamics associated with the high-energy pro-
cesses postulated to be responsible for coronal heating.
For this first mission, to accommodate a stringently lim-
ited budget and schedule, we used the existing imaging
instrument suite already in place on the nose-mounted
pointing platform, observing at an altitude of approxi-
mately 52.9 kft (∼16.1 km) in both visible light and in
near/mid-wave (3–5 µm) IR. We used these measure-
ments to characterize the facility performance for astro-
nomical observations and specifically for eclipse stud-
ies, including preliminary scientific analysis to further
quantify the capabilities of the existing instrument suite
and guide future instrument development. Flying the
two airplanes in tandem, separated by approximately
100 km, allowed us to test aircraft coordination and
provided approximately 7.5 continuous minutes of total-
ity. We also made opportunistic observations of Mercury
during the pre- and post-totality partial phases of the
eclipse, and calibration observations of stars and Venus
on the inbound and outbound ferry segments. Here, we
describe this pathfinding mission, our prototype obser-
vations, and analysis of platform performance, including
data quality and limitations of the existing instrumen-
tation. We discuss a preliminary scientific analysis to
place the prototype data in context of our motivating
question of coronal heating, and conclude with sugges-
tions and outlook for future missions and instrument
upgrades.
2. PLATFORM AND INSTRUMENTATION
NASA’s WB-57 High Altitude Research Program2
provides a stratospheric (up to 65 kft / 19.8 km) plat-
form for scientific research. We leverage the Airborne
Imaging and Recording System (AIRS), a two-axis sta-
bilized pointing platform that mounts in the nose cone.
Two identical AIRS units were developed and are main-
tained by Southern Research (SR) under contract from
NASA. AIRS provides visibility for targets anywhere
in the forward hemisphere of the aircraft, and some of
the rear, enabling continuous target tracking largely in-
dependent of aircraft heading and motion. It records
pointing information and aircraft position and orienta-
tion at 100 Hz with GPS time-tagging, which, in princi-
ple, can be used to determine camera position and ori-
entation on the sky.
For this prototype mission, we used existing imaging
instrumentation for the AIRS platform. The Day/Night
Airborne Motion Imagery for Terrestrial Environments
(DyNAMITE) instrument comprises an optical bench
with a 1920×1080-pixel high definition (HD) broadcast
television camera coupled with a zoom lens for visible-
light observations, and a scientific-grade infrared cam-
era with actively-cooled InSb detector (1344× 784 pix-
els) coupled with a filtered lens for mid-wave infrared
(MWIR; 3–5 µm) observations3. The visible and
MWIR apertures are each ∼220 mm in diameter, and
we operated both cameras at 30 Hz and exposure
times of ∼30 ms. Figure 1 shows an overview of the
2 https://airbornescience.nasa.gov/aircraft/WB-57 - JSC
3 For complete DyNAMITE instrument specifications, contact the
WB-57 Program Office.
4 Caspi et al.
Figure 1. Image (left) and schematic (center) of the DyNAMITE camera system, and the AIRS mounting position in the
nosecone of the WB-57 (right).
AIRS/DyNAMITE instrument and its location on the
WB-57.
The visible-light system’s zoom lens provides a se-
lectable field of view (FOV); for our eclipse observations,
we operated with a 1.6◦ × 0.9◦ FOV (∼3′′/pixel scale)
that, with the Sun offset in the image frame, allowed
imaging to heights of about 4 RSun towards the west
and 2 RSun to the east. The IR lens was operated with
a smaller FOV of 1.2◦×0.7◦ (also with ∼3′′/pixel scale)
and images to correspondingly lower heights above the
limb. The FOVs were oriented such that the long axes
were approximately aligned with the solar equator and
the short axes with the poles.
For this flight, the visible-light channel was outfitted
with a green (533.9±4.75 nm) filter. Because the DyNA-
MITE camera uses a three-channel RGB color system,
the primary benefit of such a monochromatic filter is to
isolate all of the measured signal into a single color chan-
nel. This greatly simplifies the resultant data analysis
since all of the photometric information is thus encoded
purely within the signal intensity (i.e., the luma channel
of the encoded output, which has twice the resolution of
the chroma channel; see Section 4).
The specific filter passband was chosen to capitalize
on a secondary benefit, namely, to leverage a unique
spectral feature of the solar corona: the “coronium”
Fe xiv 530.3 nm line emitted by hot (∼2 MK) plasma
confined to coronal loops. This line is intrinsically
narrow (∼1 A˚, e.g., Mierla et al. 2008), so tradition-
ally, many eclipse studies utilize narrowband (.0.5 nm)
green filters to strongly isolate the line. In combination
with off-band observations, it is possible to quantify the
continuum contribution and thus to derive the specific
line intensity to enable temperature-dependent diagnos-
tics. However, within the limitations of the existing
AIRS/DyNAMITE system that we used due to logis-
tical constraints discussed above, the tradeoffs required
to optimize the wide FOV and sensitivity to dim fea-
tures while minimizing saturation necessitated the use
of a low f -number (f/1.6). In turn, this required a mod-
erately broad (∼9.5 nm FWHM) passband to ensure
a relatively uniform response to this wide-angle beam
across the entire filter. Additionally, the resource con-
straints did not permit the installation of a filter wheel
that would enable off-band observations. The critical
consequence of these circumstances is that our obser-
vations of this event cannot be used for temperature
diagnostics, but they nonetheless provide information
on coronal structure and dynamics and, crucially, al-
low us to evaluate the platform and instrument perfor-
mance in general. Moreover, the presence of the green
line within our passband nonetheless improves the con-
trast of hot coronal loops against the diffuse, continuum-
dominated, Thomson-scattered K- and dust-scattered
F-corona background compared to observations made
without a filter.
Figure 2 shows our pre-flight estimate of the contri-
butions of the K-, F-, and Fe xiv green-line E-coronae
to the total anticipated signal as a function of distance
from solar center for our optical setup. The K- and
F-corona intensities were adapted from measurements
by van de Hulst (1953), while the green-line intensity
was derived from measurememts by Kim (1997). These
estimates show that the green line should contribute a
maximum of∼20% of the total signal at distances of 1.1–
1.3 RSun and remains greater than ∼5% out to 2 RSun.
This fractional contribution is at least an order of mag-
nitude greater than if we integrated over the entire
green-channel bandwidth (estimated at 200 nm) with-
out a filter. It is important to note that the E-corona is
highly structured and therefore these estimates should
be taken as averages over a variety of conditions, while
specific cross-sections through the corona could vary sig-
nificantly. Crucially, tuning the filter in this way poten-
tially achieves some additional benefit through contrast
enhancement and in no way degrades the observations
compared to other choices.
3. MISSION DESIGN AND OPERATIONS
AIRS/DyNAMITE is operated during flight by a Sen-
sor Equipment Operator (SEO) sitting in the aft seat of
the aircraft. The pilot, in the forward seat, is responsible
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Figure 2. Pre-flight predicted brightnesses of the K-,
F-, and green-line E-coronae, and total, in an equatorial
streamer as a function of height in the DyNAMITE field
of view, for a moderately broad filter with 533.9 nm central
wavelength and 9.5 nm FWHM bandwidth, as flown. The
total K+F+E signal expected from a wide “open” (200 nm)
filter (dashed) is shown for comparison, highlighting the con-
trast increase from the green filter. The K- and F-corona
values are adapted from van de Hulst (1953) and green-line
values from Kim (1997), and are folded through the Dy-
NAMITE optical parameters and the filter bandpasses as
stated. The hashing indicates the approximate region of
inner-corona saturation in the actual observations reported
in Section 4.
for flight operations while the SEO manages the scien-
tific operations of the mission. A high-speed satellite
feed from the aircraft enables scientists and engineers
on the ground to share the SEO’s “heads-up display”
of live DyNAMITE data, and to communicate with the
SEO to provide feedback on instrument settings to opti-
mize the quality of the observations. (For this mission,
the live satellite feed also provided the opportunity to
stream real-time eclipse imagery to NASA’s public out-
reach television and internet coverage.)
AIRS includes a database and conversion algorithm to
determine and maintain the appropriate elevation and
azimuth for stable pointing to particular astronomical
sources depending on the plane’s instantaneous loca-
tion and attitude, including compensation for maneu-
vers, so it is not necessary for the SEO to manually
maintain pointing throughout the observing period. We
used the pre-eclipse prediction of coronal structure from
Predictive Science, Inc. (Mikic´ et al. 2018) to determine
our desired offset from Sun-center pointing, to provide
observations higher above the limb with the highest-
priority target for potential high-speed dynamics.
The SEO must manually set various camera parame-
ters such as exposure time and focus, some of which may
need to be adjusted during the observing period to opti-
mize performance. We prepared a detailed, step-by-step
observing procedure that outlined each observing target
and the associated camera settings that we anticipated
from first-order estimates prior to flight. Some param-
eters, such as focus, could not be estimated a priori
because they depend on actual, in-flight circumstances
and thus had to be adjusted on-the-fly by the SEO. We
note that DyNAMITE does not currently include quan-
titative focus feedback, and the visible-light camera also
does not report image dynamic range statistics, so op-
timizing focus and exposure time relied on the SEO’s
visual estimation.
Our eclipse flight plan called for two aircraft to oper-
ate in tandem, traveling at 750 kph (∼400 knots) along
the eclipse path at an altitude of 15.2 km (∼50 kft),
with a maximum separation of 105 km. (The actual
altitude during observation was ∼16.1 km [∼52.9 kft].)
This flight configuration provided ∼50% greater observ-
ing time per airplane compared to a stationary observer
(∼240 s vs. ∼160 s near eclipse greatest duration) and
ensured sufficient overlap in the observations from the
respective airplanes to unify their two independent data
sets into a single continuous observation of totality.
Figure 3 shows the ground tracks for the aircraft dur-
ing the eclipse. Calibration images were taken during
the outbound and return legs of the trip. After arriv-
ing at their respective starting locations on the eclipse
Figure 3. Ground tracks for the two WB-57 aircraft as flown
during the mission. Calibration images were obtained dur-
ing the outbound and return segments. Timing control loops
(top left) were used to stage the airplanes prior to the eclipse
observation segment that proceeded west to east. Totality
occurred west-southwest of St. Louis for the trailing air-
plane (yellow) and over Carbondale, roughly due west from
Evansville, for the leading plane (brown). (Track information
from https://airbornescience.nasa.gov/tracker/)
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path, the airplanes entered a staging pattern for accu-
rate timing control before heading down the track at the
correct time. The two airplanes each observed Mercury
during the partial phases of the eclipse, before and after
imaging the corona during totality. The trailing aircraft
observed totality first, from 18:16:07 UT to 18:20:09 UT;
the lead aircraft then observed totality from 18:19:47 UT
to 18:23:44 UT. This resulted in 22 s of totality overlap,
and a total duration of 457 s of continuous coronal ob-
servations during totality.
4. DATA AND CALIBRATION
DyNAMITE, as currently configured, is primarily a
video system which stores its visible-light data as loss-
lessly compressed video encoded in 10-bit Y′CbCr 4:2:2
format (SMPTE292M). This format uses a brightness
(luma: Y) channel value for every pixel in the image,
with two color channels (chroma: Cb and Cr) that are
subsampled at half the resolution of the luma channel
(essentially binned 2×2). The video is then encoded in
blocks of 4×4 pixels. Because of the green filter, our
observations are essentially monochrome, so we extract
only the 10-bit luma information and discard the chroma
channels. We store each frame of the video as a separate
TIFF image encoded using 16 bits per pixel to preserve
the complete video dynamic range. The raw, full-color
video data stream is ∼40 GB from each aircraft over the
duration of totality, yielding ∼60 GB total of extracted
monochromatic TIFFs. Figure 4 shows a single frame
of the raw visible-light video during the eclipse.
The HD broadcast camera has three CCDs that inter-
nally output 3×14-bit three-color (RGB) data, in which
the linear CCD response has been pre-processed within
the camera to compress the dynamic range. The signal
is then encoded over 10 bits, which requires an addi-
tional resampling and dynamic range adjustment. The
practical implication of these multiple processing steps
is that the original linear CCD signal is not fully re-
coverable from the encoded video. To address this lim-
itation and restore the observations to as near to lin-
earity as possible, we characterized the camera’s perfor-
mance in the lab before flight using a linearly variable
light source and multiple exposure times. This charac-
terization showed how the video-encoded signal varied
across its range from zero to complete saturation, and
allowed us to apply a correction to restore the signal to
quasi-linearity, particularly near the top of the camera’s
dynamic range where the nonlinear response was most
pronounced.
The main calibration steps applied to the visible-light
data, after linearity corrections, were to remove camera
bias and dark current. We attempted to obtain flat-field
observations during the flights, but found that instru-
mental noise and the presence of artifacts in these im-
ages limited their utility for calibration. There is some
low-level, low-frequency variation across the full field of
view due to the optical vignetting function of the lens,
but this variation is negligible on short scales. At high
frequencies the variation in the flat field is completely
dominated by uncorrectable detector noise that intro-
duced non-negligible pixel-to-pixel variations in individ-
ual frames. Consequently, we found that the processed
observations had overall lower noise when we did not
apply any flat-field. The only calibration step currently
applied is background subtraction using dark images
obtained immediately after totality. These calibration
challenges point to fundamental limitations of the ex-
isting visible light imaging system that may necessitate
the addition of a new, scientific-quality camera for fu-
ture flights, which we discuss in detail in Sec 6.
The MWIR camera is designed as a scientific instru-
ment: it has a linear response to incident flux, yields
direct digital output of individual images at full 16-bit
depth, and makes use of lossless encoding and embed-
ded timestamps (although not GPS coordinates) within
each image. This allows the IR data to be analyzed
in a straightforward manner. The native data storage
format for each image can be exported to FITS and an-
alyzed with standard tools and image data calibration
techniques such as subtraction of background (e.g., dark
current, thermal emission from the sky and enclosure,
etc.) and flat-fielding. Figure 5 shows an example raw
MWIR image of the eclipse; detailed discussion of the
calibration, processing, and analysis of these data will
be presented in a future paper.
4.1. Pointing and Image Co-Alignment
Instrument pointing and roll are not entirely stable
throughout the observations for a variety of reasons,
but predominantly due to in-flight turbulence causing
small changes in pointing and camera orientation (due
to the two-axis system) with respect to targets on the
sky. There is also a small change in camera orienta-
tion with respect to the Sun introduced by the changing
solar position and aircraft viewpoint over the duration
of the observation. We used in-flight stellar calibration
observations (specifically of Sirius) to quantify the x-y
(plane-of-sky) jitter induced by these effects. For each
image frame, we measured the position of the star and
determined the deviation from a reference frame. We
did this using multiple methods, including Gaussian fits
and cross-correlation, to validate that no one method
introduced significant error or bias; all methods yielded
consistent results within uncertainties. To quantify the
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Figure 4. Raw visible-light (533.9±4.75 nm) image from the HD broadcast television camera on the leading (eastward) WB-57.
The image data are polychromatic RGB, encoded as described in the main text.
Figure 5. Raw 3–5 µm image from the MWIR camera on the trailing (westward) WB-57. The image data are monochrome,
but are displayed here using a rainbow color table (black/blue is dimmest, yellow/white is brightest; the color scale is essentially
arbitrary in these unprocessed images). Fixed-pattern noise is evident throughout the image but can be removed in processing.
A bright prominence is visible on the west limb, and an active region on the east limb.
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Figure 6. (Left) Measured x-y (plane-of-sky) jitter for Sirius during pre-eclipse calibration observations. The difference in x
and y magnitudes of the raw jitter (solid) is likely due to the camera orientation with respect to the airplane heading and is
not intrinsic to the pointing system. The inherent error in the corrected pointing (dashed) is ∼0.3′′ (∼0.1 pixels) r.m.s. (Right)
Zoomed view of corrected jitter. The residual error of ∼0.1 pixels r.m.s. is at the limit of position measurement sensitivity.
intrinsic limit of coalignment accuracy, we used these
measurements to shift each image to a common refer-
ence frame and measured the residual deviations us-
ing the same methods. Figure 6 shows the measured
drift of the Sirius centroid before and after co-alignment;
the zoomed view in the right panel highlights that our
coalignment is within a tenth of a pixel, at the sensitivity
limit for such measurements.
Our eclipse images did not include bright background
stars that could be used for straightforward cross-
correlative co-alignment as above. Consequently, co-
registering the solar images to a common reference frame
required a different, and iterative, scheme. First, we
exploit the high contrast of the lunar limb as a fidu-
cial reference to compensate for the primary jitter in-
duced by the plane’s motion. We then compensate for
instrument roll (on both long and short timescales) by
cross-correlating neighboring images and rotating ap-
propriately. We further compensate for the motion of
the Moon with respect to the Sun during the eclipse by
shifting each image using an offset based on the a priori
known speed of the Moon’s passage across the sky. To
minimize error due to the multiple interpolation steps
applied to achieve sub-pixel alignment of the data, we
combine all the iteratively-derived corrections necessary
and re-apply them to the uncorrected data in a single
step at the end of the process. Frame-to-frame jitter
is largely correctable, but intra-frame jitter is a more
pernicious problem because it can lead to degradation
in image quality. The frame-to-frame RMS pointing er-
ror is about 1.5 arcsec — half a pixel — and a small
enough amount of movement that most frames show no
evidence of motion blur. However, the image quality in a
few (.1%) frames are degraded by intra-frame motion
even with 30 ms exposure times. The image stacking
we use to control overall image noise largely eliminates
this problem in our analysis, but it is a concern that
could require a mitigation strategy in future investiga-
tions where image-stacking of 30 ms exposures may not
be appropriate.
Because the solar limb is rotationally symmetric and
coronal features are not entirely sharp, this iterative
method is somewhat less accurate than cross-correlation
of one or more bright stars, but nonetheless achieves a
coalignment accuracy of ∼1 pixel. The 100 Hz pointing
and heading information recorded by AIRS is precise
enough to, in principle, allow reconstruction of the jitter
and roll independently from the imaging data. We are
currently evaluating whether this pointing data yields
a more accurate solution. Unfortunately, an in-flight
equipment failure on the trailing (westward) plane re-
sulted in the loss of engineering (housekeeping) data
that relates GPS timestamps to aircraft position, at-
titude, and AIRS pointing information. The iterative
method described above is robust against such failures
since it derives the co-alignment solution from the image
data alone. For future missions, the visible-light system
could be used as a guide camera rather than for scientific
observations, if we optimize its configuration to capture
stars.
4.2. Data Quality
The visible-light data unfortunately contain several
noise sources and artifacts that cannot be straightfor-
wardly corrected using the calibration described earlier.
One such artifact is the intermittent presence of highly
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structured quasi-fixed-pattern noise of variable intensity.
The origin of this artifact is unknown but we suspect
electromagnetic interference somewhere along the sig-
nal path. (This artifact was previously undetected in
DyNAMITE observations, probably because the instru-
ment has typically been used to observe high-contrast,
well illuminated scenes where such low-level noise would
be inconsequential.) This artifact primarily affects a re-
gion of the corona on the west limb, and is significant at
heights of ∼1 RSun above the limb; other regions of the
image are unaffected and thus have been the focus of
our performance and preliminary scientific analysis ef-
forts. The appearance of this feature during some of our
dark observations should provide a path for its removal
from the entire observation period, but we have not yet
addressed this issue in detail.
At a lower level, we observe variable high-frequency
noise, reminiscent of film grain, throughout each image
frame. This noise is also apparent in the flat-field im-
ages (Sec. 4). Because it varies from frame to frame,
it cannot be removed by subtraction or flat-fielding us-
ing standard calibration techniques. We compensate for
this by binning in time and/or space, which mitigates
the effect of these small, high-frequency variations, but
does not completely eliminate it (see section 5).
A second, but less significant, artifact is the presence
of stray light and internal reflection occurring in DyNA-
MITE’s visible-light zoom lens. The internal reflection
is most prominent in the region occulted by the lunar
disk, and measurements there suggest it is at roughly 1%
of the primary signal level. Since this reflection is essen-
tially fixed in place with respect to the coronal image,
it represents an effectively static background that can
be ignored in, for example, studies of coronal dynam-
ics that are a natural target for eclipse campaigns (e.g.,
Williams et al. 2001; Pasachoff et al. 2002; Williams
et al. 2002). Stray light in the image can be thought
of as the contribution of the low-level wings of a very
broad instrumental point-spread function. Because the
corona is such an extended source, its stray light contri-
bution acts as a slowly varying pedestal across the whole
image. This serves to slightly reduce contrast and, for
studies of coronal dynamics, such a fixed offset does not
contribute significantly.
Because of the rapid fall-off of coronal brightness with
altitude above the solar surface – dropping by more than
3 orders of magnitude between 1 and 3 RSun (Figure 2)
– very few cameras can optimally capture the full dy-
namic range of coronal emission in a single exposure.
While the HD broadcast television camera’s 14-bit inter-
nal quantization could, in principle, accommodate this
wide range, the intrinsic noise in the signal coupled with
the additional artifacts discussed above necessitated a
compromise between achieving good statistics in the ex-
tended corona, which was our primary science target,
versus minimizing saturation in the bright, innermost
corona. Therefore, we instructed the SEO to optimize
the exposure time to provide the highest possible sig-
nal quality for observations in the range of roughly 1.5–
3 RSun, which nonetheless resulted in saturation of the
inner corona out to ∼1.15 RSun (see Figure 4). How-
ever, since the CCD does not bloom, this saturation
does not materially affect photometric analysis in the
rest of the image. Because the SEO had to manually
gauge the optimal exposure time while eclipse totality
was in progress, each airplane’s observations include a
few changes in shutter speed near the beginning and/or
end of the observing period, resulting in instantaneous
discontinuities in the signal brightness that must be cor-
rected during the linearization step of our data prepara-
tion. The vast majority of the eclipse observations used
a ∼30 ms exposure time.
5. PRELIMINARY SCIENTIFIC ANALYSIS
Although this was primarily an engineering mission,
we had three main scientific targets for these data:
searching for the presence of oscillations that could be
linked to coronal heating (e.g., Tomczyk et al. 2007);
searching for flows that could be related to processes,
such as nanoflares, that can both reshape and heat the
corona (e.g., DeForest et al. 2006); and characterizing
the large-scale structure of the corona to help isolate
key targets for analysis and future observations. Just as
planning and executing the mission as a complete scien-
tific program provided critical insight into the systems
engineering, mission design, decision-making, and oper-
ations required for success, carrying out robust, albeit
preliminary, scientific data analysis allows us to quantify
the performance and limitations of our data and meth-
ods in a realistic context. The results of this analysis will
drive scientific priorities and corresponding instrument
upgrades for future WB-57 eclipse expeditions.
Below, we discuss our preliminary analysis and re-
sults, and, more importantly, the limitations of the ex-
isting AIRS/DyNAMITE instrumention for addressing
the three science targets above.
5.1. Oscillations
The energy released by the dissipation of waves in the
corona could be responsible for heating the corona to
millions of degrees. Such oscillations can be observed in
a variety of different modes and frequency domains; for a
detailed discussion of MHD wave modes in the corona,
see Aschwanden (2005, chapters 7–8). High-frequency
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Figure 7. Period of the most prominent peak in the wavelet transform for each pixel in a three-minute subset of the green-band
data from one of the planes. The cyan color that appears in the neighborhood of inner coronal structures denotes a period of
∼25 s.
oscillations are most easily observed using ground-based
instrumentation, both during eclipses and using corona-
graphs, and there are reports of detections of such oscil-
lations using both approaches (see, e.g., Pasachoff et al.
2002; Tomczyk et al. 2007). One of the best examples
of detections of waves during an eclipse was reported
by Williams et al. (2001), who found 6-s oscillations in
active region loops using Fe xiv 530.3 nm observations
during the 2001 eclipse. Williams et al. (2002) subse-
quently proved that these oscillations in fact propagate
along coronal loops. However, none of these prior mea-
surements has established definitively that these waves
carry sufficient energy to heat the corona to observed
temperatures, and as a result, oscillations remain a nat-
ural and compelling target for eclipse studies. In partic-
ular, improvements in sensitivity, seeing, cadence, and
observing duration would provide significantly improved
constraints to this question.
We employed the wavelet analysis tools developed by
Torrence & Compo (1998) to test for the presence of
oscillatory signals in every pixel of our image sequence
from one of the aircraft. To help reduce the effect of low-
level noise in the data, and the impact of residual frame-
to-frame misalignments, we rebinned the data 3×3×30
(x×y×t), resulting in a data cube with ∼9′′ pixels and
1 s cadence, before taking the wavelet transform. This
adjustment likely reduces our sensitivity to transverse
oscillations, which are expected have an amplitude of
at most 2200 km (Aschwanden 2005), corresponding to
about one pixel, but should improve our sensitivity to
longitudinal oscillations, which we would expect to cause
coherent brightness changes over several pixels in a small
neighborhood.
Our analysis shows that the wavelet transform of rel-
atively bright regions in the observations are uniformly
dominated by an oscillation with a period of about 25 s.
Figure 7 shows a plot of the period of the strongest peak
in the wavelet transform for each pixel in our dataset,
which reveals an oscillation of approximately the same
period that is ubiquitous throughout our observation.
It is unlikely that oscillations of solar origin would be
so uniform throughout the corona, which suggests that
this feature is likely an artifact of the limitations of our
calibration or pointing correction. While atmospheric
turbulence around the aircraft could be responsible for
a spurious oscillatory signal, we do not see any evidence
of spatial distortions in the image field that would likely
be characteristic of such turbulence, and the subsonic
speed of the aircraft eliminates the possibility of extreme
turbulence associated with a sonic shock, as has been
observed by other missions (Koutchmy 1975). Further-
more, an oscillation with roughly this period appears to
be associated with the uncorrected fixed-pattern arti-
fact described in Section 4, in pixels where we obviously
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would not expect to detect oscillations with real physical
origins. Thus, we conclude that this dominant oscilla-
tory signal is almost certainly an artifact, which we aim
to remove with improved data processing in the future.
In general, this artifact-induced oscillation is associ-
ated with fluctuations of ∼1–2% of the total signal in
each pixels. Thus, the limitations of data quality inher-
ent to the existing instrumentation and calibration place
a lower limit of about 2% on our sensitivity to oscilla-
tions of solar origin. This is roughly the peak amplitude
we would expect from prior studies; however, the semi-
broad filter response of the current setup also includes
K-corona from overlying material in the line of sight
that would likely reduce the observed amplitude even
if data quality were improved. Further improvements
in calibration, which are presently underway, could fa-
cilitate the detection of weaker fluctuations that might
be associated with a variety of oscillations. However,
for future studies, a much more significant improvement
could be realized by upgrading the visible light instru-
mentation, particularly replacing the broadcast-quality
camera with a scientific camera, and replacing the optics
to reduce internal reflection and accommodate a narrow-
band green-line filter that would eliminate much of the
overlying K-corona contribution and improve sensitivity
to oscillations.
It is worth noting that some studies have suggested
that waves with a local density amplitude above 10%
should be present at all times rather uniformly through-
out the corona (Tomczyk et al. 2007). These oscillations
have much longer periods (roughly 5 minutes) and thus
could only be detected in our data after we unify the ob-
servation sets from both airplanes. Unfortunately, this
task has been complicated by the loss of the engineering
data from the trailing airplane, although a bootstrap
method to unify the two data sets is in progress (see
Section 6).
5.2. Flows in the Corona
Plumes have long been known to host propagating
periodic (or quasi-periodic) motions that are believed
to be associated with nascent solar wind (McIntosh
2012). Liu et al. (2015) observed such motions using
the Atmospheric Imaging Assembly (AIA; Lemen et al.
2012) on the Solar Dynamics Observatory (SDO; Pes-
nell et al. 2012) and found them to propagate at around
120 km s−1. Such features could be expected to prop-
agate ∼10 pixels over the course of a few minutes at
our ∼3′′/pixel platescale, and thus should be easily de-
tectable in our native-resolution observations if they are
present. Plumes therefore present a promising location
to begin a search for motions in the corona in our own
data. Additionally, polar plumes provide a high-contrast
environment with minimal line-of-sight contamination,
where small scale motions can be detected without in-
terference or confusion resulting from other features in
the foreground or background.
We searched for motions by first preparing a de-noised
version of our data set using the noise-gating technique
described by DeForest (2017) to reduce the effects of
photon-counting and detector-induced noise as discussed
in Section 4. We then attempted to isolate motions by
removing a long-term average from every frame in the
movie, leaving only dynamic features in each frame. Fig-
ure 8 and the associated animation shows the resulting
processed data for a small section of the plumes in the
north polar region.
The image features remaining after this processing in-
clude slow-moving, nearly-radial striae and small (few-
pixel) blobs. Typical quasi-stationary features have am-
plitudes of ±100–200 DN against a coronal background
of a few thousand DN. Small blob-like fluctuations are
present with amplitudes of order ±20 DN, but are
not readily separable from residual noise. Time/space
Fourier analysis did not reveal clear asymmetry in prop-
agation direction, which could indicate symmetric mo-
tion in the corona but is also consistent with the null hy-
pothesis that the blobs are residual camera noise and/or
the artifacts resulting from residual errors in image co-
alignment. Based on the observed amplitudes of the
striae, which are well detected, and the blobs, which are
not, we can place an upper limit on small transient phe-
nomena in this time/space size range of 0.3–0.5% of the
overall brightness. As in Section 5.1, a future analysis
using improved calibration and image co-alignment will
be required to better suppress artifacts to allow us to
isolate any possible dynamics, but far more significant
gains can be made on future flights using upgraded in-
strumentation.
5.3. Coronal Structure
Because the corona spans such a wide dynamic range
of brightness even within a few RSun above the limb,
studies of large-scale structures require special image
processing to reveal coherent features with sufficient
contrast to track them throughout the corona (e.g.,
Druckmu¨ller et al. 2006). Likewise, achieving ade-
quate signal-to-noise to observe faint features high in the
corona while simultaneously avoiding saturation in the
low corona requires “high dynamic range” (HDR) imag-
ing through the use multi-exposure composites (e.g.,
Shestov et al. 2019, Section 5.3) or stacking of multiple
images with relatively short exposure times. The current
AIRS/DyNAMITE camera does not natively support
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Figure 8. Mean-subtracted green-band image of the polar plumes near the north pole during the eclipse. This image is a
1-s (30-frame) average with the mean of ∼3 minutes of co-aligned observations removed to enhance the visibility of dynamic
features. Plumes are still clearly visible in individual frames because residual drift leads to smoothing in the three-minute mean
image that is subtracted. The color table is optimized for differences of ±50 DN and up, against a background of a few thousand
DN, or ∼1–2% of the total brightness in the field of view. We used time series of images like this one to search for high frequency
waves in the corona. (A movie is available in the online supplementary materials.)
multi-exposure HDR – the exposure time is effectively
fixed unless changed manually – and we thus used the
latter method. As discussed in Section 4, the necessary
optimization compromises still resulted in a saturated
innermost corona, but provided the required sensitivity
at higher altitudes and provided the ability to correct
for frame-to-frame jitter in a uniform manner.
We generated a high-quality image of the corona by
median-stacking many calibrated, co-aligned images for
an effective exposure of ∼120 s. We then rescaled the
composite image using an azimuthally uniform filter de-
rived from the median falloff of the coronal brightness as
a function of height, and applied a multiscale unsharp
mask to enhance feature contrast (Figure 9). Although
the inner corona is saturated out to as far as ∼1.15 RSun
in this image, we are able to track coronal structures to
heights of &2 RSun in the east and &4 RSun in the west.
The large scale structure of the corona at the time
of the eclipse was dominated by three features: a large
streamer/active region complex on the east limb, an ap-
parent pseudostreamer in the northwest, and a large hel-
met streamer in the southwest, the latter two of which
were our primary observation targets. The Solar Ul-
traviolet Imager (SUVI; see Seaton & Darnel 2018, for
a brief instrument summary) on the GOES-16 space-
craft provides wide-FOV observations in multiple ex-
treme ultraviolet passbands that shed light on the phys-
ical properties (e.g., temperature) of the structures we
observe (Figure 10). A comparison of SUVI images to
our WB-57 eclipse observations reveals how the large-
scale corona is connected to the surface features that
drive its complexity. Two SUVI passbands are domi-
nated by emission lines from Fe ionization states closest
to the Fe xiv that contributes to our green-band eclipse
image. In particular, SUVI’s 195 A˚ band includes a va-
riety of Fe xi–xii lines with temperatures near 1.5 MK,
while the broad 284 A˚ band is predominately Fe xv at
about 2 MK, with a small contribution from the chro-
mospheric He ii line around 304 A˚.
The Coronal Multichannel Polarimeter (CoMP; Tom-
czyk et al. 2008) at the Mauna Loa Solar Observatory
is a near-infrared coronagraph, imaging the corona from
∼1.05–1.4 RSun in two Fe xiii lines near 10747 A˚. CoMP
observations reveal the same prominent loops on the
east limb, related to Active Region (AR) 12672, as are
clearly visible in both the SUVI eclipse images. A void
in the southern half of this structure, visible in SUVI
284 A˚ (see white box in Figure 10), is not obvious in the
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Figure 9. Fully processed image of the corona generated by stacking many co-aligned, calibrated images and applying a radial
filter and multi-scale unsharp mask to bring out details at higher altitudes. Note that we have retained the original image
orientation with solar north ∼6◦ clockwise from top.
Figure 10. The corona at the time of the eclipse from GOES-16/SUVI, in the 195 A˚ (left ; Fe xi–xii, ∼1.5 MK) and 284 A˚
(center ; Fe xv, ∼2 MK, plus He ii 304 A˚) passbands, and from CoMP, in the 10747 A˚ (right ; Fe xiii, ∼1.8 MK) passband.
Note that the image platescales are not identical and the images have been rotated from their native orientations to match the
WB-57 eclipse image frame (Figure 9), with solar north ∼6◦ clockwise from the top of the image. The white box highlights a
void in the SUVI 284 A˚ image where bright loops are present in the other panels and in our WB-57 green-band image.
WB-57 green-band, CoMP 10747 A˚, or SUVI 195 A˚,
suggesting the void is very likely the result of a strong
temperature gradient in the corona and is populated by
material too cool to appear in Fe xv 284 A˚. This in-
terpretation is supported by Boe et al. (2020), whose
narrowband eclipse images in Fe xi and Fe xiv show
the same temperature-sensitive effect. This also high-
lights that our WB-57 green-band image, which shows
the loops but not the void, has a significant contribution
from the temperature-insensitive K-corona. This tem-
perature gradient might be related to active, anisotropic
heating that could make this region an interesting target
for both dynamics and oscillations studies following cal-
ibration and pointing improvements. Intriguingly, the
14 Caspi et al.
void appears to be co-spatial with an infrared intensity
enhancement on the east limb, the base of which is visi-
ble in the unprocessed MWIR image (Figure 5), that we
will explore in a future paper.
Although our WB-57 green-band observations do re-
veal fine details in the corona, the airborne platform con-
veys little to no clear advantage for ultra-high-resolution
studies of static coronal structures (e.g., Mikic´ et al.
2018, Figure 1A) compared to optimized ground-based
instrumentation, in contrast to studies of dynamics
where both duration and seeing are the critical fac-
tors. Without the constraints imposed by the platform,
ground-based equipment can employ, for example, much
larger apertures and/or much narrower-passband filters.
Likewise, observing techniques such as lucky imaging
(Brandner & Hormuth 2016) can largely mitigate the
degradation caused by seeing effects for static images.
Furthermore, the extra time in totality afforded by the
mobile airborne platform is of limited value for static
imaging compared to these ground-based advantages.
Upgraded instrumentation for AIRS/DyNAMITE can
certainly improve the quality of our airborne static imag-
ing results in future missions; however, it is clear that
the biggest gains in performance for this platform will
be realized in studies of coronal dynamics and/or by op-
timizing for wavelengths not accessible from the ground,
such as mid-wave infrared.
6. DISCUSSION
The NASA WB-57F with AIRS/DyNAMITE presents
a viable platform for solar astronomy, benefiting from
mobility and minimization of atmospheric effects – in-
cluding absorption, emission, and turbulence due to its
high-altitude flight – with a stable two-axis pointed opti-
cal bench. We successfully tested and characterized the
capability and limitations of this platform using the ex-
isting DyNAMITE visible and infrared instrument. For
this pathfinding engineering mission, we leveraged the
existing instrumentation to maximize strictly limited re-
sources, even though this instrumentation is not opti-
mized for scientific measurements. Future flights with
enhancements to DyNAMITE to improve its response,
or entirely new instrumentation, will make solar obser-
vations at reasonable cost that are currently infeasible or
prohibitively expensive using other platforms. Such up-
grades could also enable this platform for general solar
observations outside of eclipses.
To best understand the performance of the existing
AIRS/DyNAMITE platform in an appropriate scientific
context, we adopted three scientific objectives targeted
to the advantages offered by this platform. Treating
the engineering-quality data with the full rigor of a sci-
entific mission provided deep insight into the platform
performance and resulting data quality to drive deci-
sions about upgrades and revised objectives for future
missions. This preliminary analysis yielded upper lim-
its on the amplitude of dynamic phenomena, including
both flows and oscillations in the corona.
The idiosyncracies of the repurposed DyNAMITE in-
strument, largely resulting from the nonscientific nature
of the visible-light camera and optics, limited our sensi-
tivity to both dynamics and fine-scale structure. Some
fundamental constraints can only be resolved by instru-
mental modifications for future flights. However, on-
going calibration efforts will identify camera parame-
ters and operational techniques that can improve data
quality for future missions even with the existing cam-
era/optics system.
In contrast, AIRS/DyNAMITE’s existing MWIR
camera is a scientific instrument, not subject to the same
limitations as the visible light system, and has shown
significant potential for scientific exploitation even in its
current configuration. Its 3–5 µm wavelength range has
been poorly explored for coronal science, in large part
due to the significant difficulty in observing this range
from ground-based facilities. As a result, we had little
indication prior to flight of what the MWIR observa-
tions would reveal, nor any way to predict what coronal
features – if any – would be prominent in the data. In-
deed, there are a number of relatively strong emission
lines in the 3–5 µm range, sensitive to a broad range
of coronal temperatures (Judge 1998), such as Si ix
(∼1.2 MK) at ∼3.9 µm (Judge et al. 2002), as well as
to chromospheric temperatures, such as H i and He i
(.35 kK) between 4 and 5 µm (Del Zanna et al. 2015).
A number of the coronal lines are also sensitive to the
magnetic field (Judge 1998), so MWIR observations can
open brand new discovery space in coronal and chromo-
spheric measurements. In fact, a rudimentary analysis
of the IR observations during early totality has revealed
intriguing large-scale structure in the east-limb corona
as well as a prominence on the west limb. There has been
very little discussion of the nature of prominences in this
MWIR range in the literature. Combining our WB-57
data with observations by the AIR-Spec spectrometer
(Samra et al. 2018) and/or a ground-based narrowband
3.9 µm campaign could allow us to quantify the con-
tributions from line and continuum emission, and scat-
tering of photospheric light. Calibration of the IR data
and further analysis of both structure and dynamics is
ongoing and will be the subject of a future paper.
One critical success in mission planning and imple-
mentation was the coordination of two separate WB-
57 aircraft to make precisely timed observations of to-
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tality to nearly triple the contiguous observing window
well beyond what could be achieved from a single sta-
tionary vantage. Work still remains to integrate the
two separate sets of observations from the two respec-
tive planes into one continuous observation of totality.
Despite the loss of engineering data from the trailing
airplane, the high-quality imaging data is intact. We
have identified a strategy by which we can bootstrap
the required timing information from concurrent MWIR
images, where timestamps are embedded, coupled with
ground-recording of the aircraft transponder data to re-
construct exact position, pointing, and time for each
frame in the visible dataset. The MWIR dataset, in
contrast, is more straightforward to integrate since it
includes embedded GPS timestamps. This work is on-
going and will inform both planning and potential plat-
form improvements for future tandem-flight observing
campaigns.
An imminent window for additional eclipse studies
well-suited to the WB-57 platform is upcoming on 2020
December 14 over South America. Given our success-
ful demonstration of the viability of this platform for
this type of observation, and the considerable engineer-
ing and operational knowledge obtained from this first
mission, this upcoming total eclipse provides a valuable
opportunity for reflight that implements lessons learned.
Our evaluation of the IR data quality and prospects for
scientific exploitation suggests that the 3–5 µm wave-
length range offers the largest potential for additional
discovery even without major modifications to the ex-
isting DyNAMITE MWIR system.
The next total solar eclipse over the U.S., on 2024
April 8, provides even greater potential to exploit this
new platform for eclipse observations. Using the expe-
rience gained from our 2017 mission and the upcom-
ing 2020 opportunity, and the results of our scientific
analyses of these data, we can identify the specific mea-
surements and associated requirements needed to ad-
dress our scientific objectives about coronal dynamics
and structure. With approximately 4 years (as of this
writing) before this event, we have sufficient time re-
maining to plan and implement optimized operational
procedures and potential instrumentation upgrades or
modifications to provide a highly focused mission tar-
geted precisely at obtaining the required measurements
to resolve these long-standing questions.
For the visible-light system, obvious instrumentation
upgrades would include replacing the current camera
and lens with a scientific-grade CMOS-APS camera and
simplified mirror-based optics. Low-cost, off-the-shelf
cameras and small telescopes are already widely used
for similar studies, e.g., for observations of stellar occul-
tations, and would be a high-value, low-risk change. A
filter wheel could also be integrated with the new optics.
For the MWIR system, the primary upgrades would be a
filter wheel or other modifications to fine-tune the pass-
band. Exploiting the existing AIRS platform removes
the need to interact directly with aircraft mechanical
and electrical systems, simplifying the integration pro-
cess to require only changes to the optical bench. The
most significant effort is likely to be software modifica-
tion to integrate any new electronics into the existing
AIRS user control interface operated by the SEO. Such
modifications could also add support for quantitative fo-
cus and dynamic range feedback to the SEO.
Like the 2017 eclipse, the 2024 shadow path crosses
large tracts of highly-populated and easily-accessible
terrain. This makes it both straightforward and valuable
to coordinate with multiple deployable ground-based in-
struments (e.g., Citizen CATE; Penn et al. 2017) to ob-
tain supplementary and contextual observations. The
WB-57 fuselage and wings also provide multiple accom-
modation options for other instrumentation with vari-
ous view-angles, providing further opportunity for coor-
dination with other complementary scientific programs,
including in adjacent fields such as aeronomy or atmo-
spheric physics.
We have focused our efforts with the WB-57F on
eclipse observations partly because they could be
demonstrated using the existing instrumentation with
little or no modifications, and partly because these
events are natural targets to highlight the capabilities
of a mobile, high-altitude observatory. The flexibility of
the AIRS pointing platform enables the possibility of a
customizable optical bench suitable for a wide range of
astronomical observations. With its relatively modest
aperture, the WB-57 is particularly well suited for ob-
servations of daytime targets (in addition to the Sun)
not accessible by larger facilities such as SOFIA and
which are difficult to observe from the ground due to
prominent sky brightness and other atmospheric effects.
The WB-57’s high-speed satellite link enables real-time
communication with mission scientists, including data
downlink and potential remote instrument operation, re-
gardless of deployment location, reducing the need for
complicated travel logistics. Our 2017 total solar eclipse
mission, the first of hopefully many with the WB-57s,
opens the door to expanding the capabilities of NASA’s
Airborne Science Program and a new era in airborne
astronomy.
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